demonstrate that the overall morphologies of pre-perovskite and perovskite fibers are quite similar (Supplementary Figure 1b, 1e ). This result indicates that the pre-perovskite PTO fibers have completely transformed into perovskite PTO fibers, maintaining their original morphology.
Supplementary Figure 2. TEM and SAED characterization of a single mesoporous PTO fiber.
a-b TEM images of a typical mesoporous PTO fiber. Scale bar, 500 nm and 50 nm, respectively.
c-e the SAED patterns corresponding to the area 1-3 marked using red dashed circle in a, respectively. The red points correspond to the center points of the diffraction, respectively.
Supplementary Figure 2a Figure 11d , from top to bottom). Due to the higher atomic weight, the peak intensity of Pb atom is higher than that of Ti atom, which is marked in Supplementary Figure   11i . According to the patterns in Supplementary Figure 11i -m, the Ti peak is always located at the middle left of two Pb peaks, and thus an upper displacement of Ti atoms and a downward polarization direction can be determined (marked as P s in Supplementary Figure 11d) . These results suggest that the polarization direction near the mesopore is uniform, agreeing well with the results in our manuscript. nm. The polarization direction is determined to be down according to Figure 3b (marked in the image). Therefore, the upper exposed surface is positive polar surface while the lower exposed surface is negative polar surface. b EELS spectra of Ti L edges measured in area 1, 2 and 3 in a,
respectively.
The Ti L edge of area 1 (near positive polar surface) and area 2 (across the side surfaces) shows a four-peak configuration, whereas the Ti L edge of area 3 (near negative polar surface) shows three peaks. The combined Ti L 2 t 2g peak and Ti L 2 e g peak in area 3 indicate an existence of Ti 3+ near the negative polar surface [1] , which is possibly attributed to an excess of oxygen vacancies. The two profiles were parallel and vertical to the ferroelectric polarization (P s ) direction, respectively (Supplementary Figure 14a) . As shown in Supplementary   Figure 14b , one can find that oxygen element concentration near the positive polar surface was ~68%, obviously higher than that near the negative polar surface (~63%).
In constrast, the concentration of oxygen element randomly fluctuates near ~65% when the profile is vertically to the polarization direction (Supplementary Figure 14c) .
Based on the result, we suggest that the oxygen concentration is polar surface-dependent.
